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S2 = fx 2 R3 j jxj = 1g (2.1)







???? I(p)??????????-???? p??????? ((p); (p))? I(p)
????????????????? -?????? ((p); (p))????? 2.3??


















; 0  (p) < 2 (2.3)
(p) = arccos
zp
x2 + y2 + z2




?????? 3????????? l?l?????????????? s???????







?????????????s??? b; e (b 6= e)?????????????????
????????









































? 2.6: ?????? 2?????????????????
?????? s???? jsj????S2?? 2????????????????? 2
????????????????? 2.6????S2?? 2? p1?p2??? dp(p1;p2)
????????????
dp(p1;p2) = arccos (p1  p2) (2.7)
????s = fb; eg??? jsj??? (2.8)?????
jsj = dp(b; e) (0  jsj < ) (2.8)
2.2.3 ????????????
??????????????????????????????????????




???? Q ??? Qi (i 2 f1; 2;    ; 6g) ????????????x 2 Qi ????
???? I ip(x) ???????x0 2 S2 ???? I ????? I(x0) ????????
x 2 Qi ? S2 ??????? y ?????x 2 Qi ??????????? I ip(x) ??
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(a) ???? I ????????????? Q? (b) I????????????? Iip; i 2 f1; 2;    ; 6g
(c) Iip ???????? (d) ???? I ????
? 2.7: ????????????????(a) ???? I ?????????????
Q ?????(b) I ???????Q ????????6???????? I1p ; I2p ;    ; I6p
??????(c) I1p ; I2p ;    ; I6p ?????Gioi???????? [5]?????????
????(d) I1p ; I2p ;    ; I6p ???????????????????I ???? S ??
??
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? 2.1: ?? I ip???????????????
? ??????? ??????????
Q1 (0; 0; 1)
> (Ax; Ay; Az)>
Q2 (0; 0; 1)> (Ax; Ay; Az)>
Q3 (1; 0; 0)
> (Az; Ax; Ay)>
Q4 ( 1; 0; 0)> ( Ax; Ax; Ay)>
Q5 (0; 1; 0)
> ( Ax; Az; Ay)>
Q6 (0; 1; 0)> (Ax; Az; Ay)>
I ip(x) = I(y) ??????
???I ip(x) ?????Gioi???? [5]?????????????I ip(x) ?????
???????? Sip ????Sip ????? S2 ??????????????? S ?
??????s 2 Sip ???? I ip(x) ?????????????? S2 ???????
???3????????????????? (0; 0; 1)> ??? Q ???Q1???I1p ?


















?????????????????????????? Ax; Ay; Az ????????














𝑎 = 𝑎𝑥 , 𝑎𝑦
⊤





































?????????????????????????? S2 ????M ??????


























M = 10(22k   1) + 12 (2.11)
????M ??????????B????
????????????? S??????????????????? s 2 S??
?????? b 2 B????????
ns  b = 0 (2.12)
????????????? (2.12)??????????????0?????? ??
???????????????
jns  bj <  (2.13)




js0j; 8b 2 B (2.14)









(vb1 + vb2 + vb3) (2.16)







???????????????????I????????????S??Sx; Sy; Sz; Su
? 4????????????????Sa (a 2 fx; y; zg) ? va ???????????
????????????????Su ? vx;vy;vz ????????????????
??????????Su???????????????
Su = fs 2 S j min
a2fx;y;zg
jns  vaj  g (2.18)
????Su? vx;vy;vz?????????????????????????????
????????????????????????Su?????S 0 = Sx t Sy t Sz ?
??????S 0?????Sa????????????????
Sa = fs0 2 S 0 j a = argmin
a02fx;y;zg





??????????? vx;vy;vz ????????????????vx??? 4??
???????vx??? 4???? vy;vz ???????? 4????????????
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? 2.12??????? T ?????T ??????? t?????









????2.2.5?????????????????????? Sx; Sy; Sz ??????
4???????????????????????????????????????
????a; b; c 2 fx; y; zg (a 6= b 6= c);W = fvb; vbg  fvc; vcg???W ? i???
??? (vib;vic)?????Sa? 4?????????? Sia; (i 2 f1; 2; 3; 4g)?????
??????





















???????????? v 2 V ?????2??????? Lv 2 f0; 1g??????
?????W ?????????????L???????????????????











(b) (a)? vx ????????




























































𝒗𝑥, 𝒗𝑦 , 𝒗𝑧: 消失点
𝑆𝑥, 𝑆𝑦 , 𝑆𝑧: 方向毎に分類された線分集合



































???? S = Sx t Sy t Sz ??????????????
3.1.4 ???????????????????
??????????? 3???????????? S ?????????????
????????????S????????????????S??????????
?????????????s 2 S????????? ls 2 f0; 1g??????? 2??
??????????????????????????????????? ls = 0?



















































Q??????Q? 6??????Qleft; Qfront; Qright; Qback; Qoor; Qceiling???????
?????????????????????????????????????????
??? 4???????????????????Qleft; Qfront; Qright; Qback; Qoor; Qceiling
??????????? 1???????????????????????????
















????????? 6??????? xmax; ymax; zmax; xmin; ymin; zmin (xmax; ymax; zmax >
0; xmin; ymin; zmin < 0)?????????????????????????????
???zmin =  1:6??? 1???????????????????? 5??????




























)2) (ls = 1)






















fcollinear(ls1 ; ls2) (3.7)
fcollinear(ls1 ; ls2) =
















??s1; s2???????????????? 3.4?????? 1?s1; s2???????
????ns1 = ns2?????
ns1  ns2 = 1 (3.9)
???????????????????????????????????????
?????????????? (3.9)?????????????????????






?? s1; s2????? 3.5????p; q??????s1? s2????????s2? s1?
???????????p; q???????????










? 3.5: ????????? s1; s2????
p; q??????? 2???????????
dp(p; q) < collinear (3.12)
?? collinear ? 0????? ???????????????????????? ?
????????? 2?????????? s1; s2?????????????????
????
js1j+ js2j+ dp(p; q) <  (3.13)
???dp(p; q)?????? s1; s2????????????????????????
ecorner(s1; s2)????????????


























f 1cross(ls1 ; ls2) (3.15)
fcross(ls1 ; ls2) =
8><>:ecross(s1; s2) (ls1 = ls2 = 1)0 (otherwise) (3.16)
????ecross??????? 2?????????????????????????
??C1cross????? 2??????????? ecross?????????
C1cross???X???? T???? 2???????????????????s1 2
Sa; s2 2 Sb; (a; b) 2 f(x; y); (y; z); (x; z)g ??????G1; G2????2???????
























ns1 ;ns2????G1; G2?????? q12???????????
q12 =
ns1  ns2
jns1  ns2 j
(3.17)
????s1; s2? q12??????X????????????s1; s2; q12???????
????
(ps1  q12)  (q12  p0s1) > 0 ^ (ps2  q12)  (q12  p0s2) > 0 (3.18)
????ps1 ;p0s1 ? s1????ps2 ;p0s2 ? s2???????? (3.18)? q12? s1; s2??
??????????????? (3.18)?????????X???????????







???????s1; s2? q12??????? 3.7(a)???????s1?T????s2?T
????????????T????????????s1; s2; q12???????????
(ps1  q12)  (q12  p0s1) > 0 ^ (ps2  q12)  (q12  p0s2) < 0 (3.20)
????s1?? q12????s2??????????????? (3.20)???????







(b) E1cross ??????? T???
? 3.8: E1cross???????T???
??????
ecross(s1; s2) = min
p2fps1 ;p0s1g
dp(p; q12) (3.21)














(s1; s2) 2 Ccollinear; s1; s2 2 Sa; s3 2 Sb; (a; b) 2 (x; y); (y; z); (x; z)????E2cross???
32
?????????
E2cross(s1; s2; s3) =
X
(s1;s2;s3)2C2cross
f 2cross(ls1 ; ls2 ; ls3) (3.23)
f 2cross(ls1 ; ls2 ; ls3) =
8><>:ecorner(s12; s3) (ls1 = ls2 = ls3 = 1)0 (otherwise) (3.24)






???????????(s1; s2) 2 Ccollinear; s1; s2 2 Sa; a 2 fx; y; zg ????s1; s2???
????? s12?????????s12????? (3.18)???? (3.20)???????
s3 2 Sb; b 2 fx; y; zg n fag?????????????????? 3?????????
?C2cross????










?????Sx; Sy; Sz?????????????????????? 12???????
????? 3.9????
???????????? 1??????????? Sia?????? 3.10???? 1
??????????????????? 3.10????? 3.10(A)?????????
????????????? 3.10(B)????????????????????? 3.10

















? 3.10: ???????? 1????????????
???????????????????????????????????????
???????????????E1para??????







fpara(ls1 ; ls2) (3.26)
fpara(ls1 ; ls2) =
8><>:arccos(ns1 ;ns2) (ls1 = ls2 = 1)0 (otherwise) (3.27)
3.2.5 ?????????3????????????????
??????? 3???? P1?P2?P3?????P1? P2?P2? P3?P1? P3???
??????? T1?T2?T3????T1?T2?T3? 1??????3?????????



















fcorner(ls1 ; ls2 ; ls3) (3.28)
fcorner(ls1 ; ls2 ; ls3) =





3???? s1 2 Sx; s2 2 Sy; s3 2 Sz ?????? G1; G2; G3 ???G1; G2; G3 ??
???????? ns1 ;ns2 ;ns3 ????G1? G2?G2? G3?G1? G3???????
36





(a; b) 2 f(1; 2); (2; 3); (1; 3)g (3.31)
????G1; G2; G3?????????????????????????s1; s2; s3??
??????????????G1?G2?G2?G3?G1?G3????????????









(a; b) 2 f(1; 2); (2; 3); (1; 3)g (3.33)
????????????? g?????




q^12 + q^23 + q^13







dp(g; qab) < corner (3.36)
A = f(1; 2); (2; 3); (1; 3)g (3.37)
????corner? 0???????????
? (3.36)???? 3???? s1; s2; s3??????????????? 2?????
??? [18]?
cos(12) cos(23) cos(13) < 0 (3.38)
























ecorner = ecent  edist  eomap (3.40)
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?? vx;vy;vz ??????????????????s1 2 Sx; s2 2 Sy???????
?? g??????????????vy ????????Ccorner???? 3.13(b)??
??????????????????????????????? 3.13(b)????
????????????????????? 3?????? 3.14(?)????3??












map[9]??????Orientation map??Sx; Sy; Sz ???????????????
????? DX ; DY ; DZ ; DU ???????????????????? p ?????
O(p) 2 fDX ; DY ; DZ ; DUg????Orientation map???? 3.15??????????






???????????????? D(s1; s2); D(s2; s3); D(s1; s3) ????Orientation
map?????3????????????????????? eomap ????????
40
: 𝑠1 ∈ 𝑆𝑥 : 𝑠2 ∈ 𝑆𝑦 : 𝑠3 ∈ 𝑆𝑧
: Ω(𝑠1, 𝑠2) : Ω(𝑠2, 𝑠3) : Ω(𝑠1, 𝑠3)
: 𝒈











(sa; sb) = fp 2 
(sa; sb) j O(p) = D(sa; sb)g












: 𝐷𝑋 : 𝐷𝑌 : 𝐷𝑧 : 𝐷𝑈






















fplane(ls1 ; ls2 ; ls3 ; ls4) (3.46)
fplane(ls1 ; ls2 ; ls3 ; ls4) =















??2?????????????4????s1; s2 2 Sa; s3; s4 2 Sb, (a; b) 2 f(x; y); (y; z); (x; z)g
????????s1; s2; s3; s4??????G1; G2; G3; G4??????????????
?????? ns1 ;ns2 ;ns3 ;ns4 ?????????????????????????








si; sj; sk  H+h ; 8h 2 f1; 2; 3; 4g (3.49)
i; j; k 2 f1; 2; 3; 4g n fhg











si; sj; sk  H+h ; 8h 2 f1; 2; 3; 4g (3.51)
i; j; k 2 f1; 2; 3; 4g n fhg
?????????4??????????????????????Q??????
????????Q??????????R????????????
R = H 01 \H 02 \H 03 \H 04 (3.52)
Q? 4????? p0?p1?p2?p3 ????p0?p1?p2?p3????????? 2???
???? q?????q 2 R????????????????????
44














nx = (p0  p1) (p2  p3)
ny = (p0  p3) (p1  p2)
nz =
nx  ny














? 3.19: AR????????? (?)????????????????? (?)?
????Q????????????????????????
jnx  nyj < rec (3.54)


















? 3.20: ?????Q? 4????????????????
47











2. ??????????????????Q ? Q ???????
3. ???? Q 2 Q ??????? 1??? 2????
4. Q ???????????????? 1???? 3????????
????????????Q??6??????? vx, vy, vz,  vx,  vy,  vz?????










D = fxmax; ymax; zmax; xmin; yming??????????S?????????????
5?????D????????3.2.4????????????????????? 12
????????????S? 12???????????S = S1 t S2 t    t S12??









????s 2 Si ? fi?????????????????????????????
???
arccos(nfi Rns) = 0 (3.56)
????i 2 f1; 2;    ; 12g?????? (3.56)????D?????????????S
??????????????????????????????? (3.56)??????



















????ur = (x0; y0; z0)>???????????
x0 2 fxmax; xming; y0 2 fymax; yming; z0 2 fzmax; zming (3.59)















??????????????? 53??????????? 35??? 88??????
???
????????????????????? 8?????????????????
?????? 8??????3.1.5?????????6??????? xmax, ymax, zmax,

































(1 + 2)  Precision  Recall










?? Recall = 1 ????????? 1??????????????????????
???????Precision = 1 ????F-measure?? = 1????Precision ? Recall
????????????? = 1?Precision????Recall????????????
??? 4.1???? FN???????????????????????TP????





D = fxmin; xmax; ymin; ymax; zmin; zmaxg???????3.3.2??????????Q???
???????Q?8?????????????D = fxmin; xmax; ymin; ymax; zmin; zmaxg
?????????Q???????Q?Q??????????????????
??????CIOU????
Q? Q?????? 4.4????Q? Q???????????????????
????????????????????????Q?Q???? V; V ?????
V; V ?????????????
V = (xmax   xmin)  (ymax   ymin)  (zmax   zmin) (4.4)

















Q?Q?????????? VI ?????VI ???????????
VI = (x^max   x^min)  (y^max   y^min)  (z^max   z^min) (4.6)
a^max = min(amax; a

max); (a 2 fx; y; zg) (4.7)
a^min = max(amin; a



















cross, wcorner ????????????????????????W =
f0:0001; 0:0002; 0:0005; 0:001;    ; 0:5g????E3plane????????12???????
??????????????????????????????wlength = 1; wcorner 2 W?
????? 0?????????????????F2? 53?????????????




wlength = 1; wcorner 2 W ???wcorner???????? F2????????????
4.5????? 4.5???wcorner = 0:2???? F2???? 0.292????
???wcollinear???????? F2???????????? 4.6?????????
wlength = 1; wcorner = 0:2; wcollinear 2 W ?????????????????? 0????
? 4.6???wcollinear = 0:1????F2???? 0:303????
???w1cross ???????? F2 ???????????? 4.7?????????
wlength = 1, wcorner = 0:2, wcollinear = 0:1, w
1
cross 2 W ????????????????
?? 0????? 4.7???w1cross = 0:0005????F2???? 0:317????
???wpara ???????? F2 ???????????? 4.8?????????
wlength = 1, wcorner = 0:2, wcollinear = 0:1, w
1
cross = 0:0005, wpara 2 W ????????












































































1 0.1 0.0005 0.0005 0.1 0.2
???w2cross ???????? F2 ???????????? 4.9?????????
wlength = 1, wcorner = 0:2, wcollinear = 0:1, w
1
cross = 0:0005, wpara = 0:1, w
2
cross 2 W ????






















  0.301  0.082 0.685  0.207
   0.311  0.090 0.691  0.197
    0.319  0.091 0.732  0.210
     0.323  0.098 0.732  0.211
    0.315  0.077 0.744  0.175
     0.319  0.092 0.727  0.206
      0.305  0.117 0.581  0.213







??????? 4.3??????????????? 4.10????? 4.3???E0length,
E2corner?????????????????????????????????????
??E0length, E2corner???????????????????????????????












F2 = 0.523 CIOU = 0.919
F2 = 0.318 CIOU = 0.911















(a)  = 1??? (b)  = 2???
? 4.11: ?? ?????????????????????????????????






???????F2?????? 4.2??????????????  2 f0; 0:2; 0:4;    ; 2g
????4.3???????  = 0???????????????????????
????????????????????????35???????????????
4.4.3 ?????








































? 4.4: ??????????????????????? [16]??????????
?????? CIOU(???  ????)
??????? 0.734  0.135
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